i ‘% A Feb. 20, 2016, 43(2): 343-350

Microbiology China http://journals.im.ac.cn/wswxtben
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150385

SHEEIE-FRIE E 21K Al W & B AR Y
DKPs 559 F
RET Hua' cres AFH" pEE

(1. VT TR RFAE N SEY TR Wi Bt 310018)
Q. UTHBMEZEHELGLEE Wi KE 107 BI 121013)

T E: (8] AT WK 8 IR BN L 6937 B 5 4T —BJk%&(DKPs)ib&dh, #5
—AFEME . R A AA B - (GC-MS) B4 7 ik . [ ik ) i@ A Atl &b Ao - 5
BAAFRBENZ LT LM% %, #E Cyclo-(L-Pro-L-Gly). Cyclo-(L-Pro-L-Leu)
Cyclo-(L-Leu-L-Leu)#= Cyclo-(L-Pro-L-Phe) 4 #F DKPs #6945 4E 8 T, FAmIK & & K H
K HAR I H (Pseudomonas fluorescens)F K F 49 ik FLIKH (Shewanella baltica)¥ #) DKPs. [4
£ 1 4 #F DKPs &4 /£ 1-200 mg/L 5 B A &M BAF, MR A 0.06. 0.10. 0.06 #= 0.04 mg/L,
Z 2k 0.16. 0.18. 0.14 2 0.12 mg/L, =IKFE A 51.8%88.5%, AF-flmAEA 1.4%83%. VA
LB i A mibiE ik, [ EAHFEREA, e DKPs 28R 5. HAK T 508 KE A
M %] DKPs &M, £& %% Cyclo-(L-Pro-L-Leu)#= Cyclo-(L-Pro-L-Phe). M & WAt én i 694 K,
¥A L+ DKPs & RHH M, £ 12 h BERG, (48] 22 THMME DKPs 4 GC-MS
EEF ik, BARSWHEBE. BAEL, B EHTENN 477 DKPs 694 F. AR AKT bif 2
J& WH DKPs #9845 HUH] 252 3k,
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Quantitative analysis of diketopiperazines of quorum sensing in
spoilage bacteria of aquatic products by gas
chromatography/mass spectrometry

ZHAO Ai-Fei' HUANG Xu-Zhen' YE Xiao-Feng' ZHU Jun-Li""

(1. College of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou, Zhejiang 310018, China)
(2. Food Safety Key Laboratory of Liaoning Province, Bohai University, Jinzhou, Liaoning 121013, China)

LI Jian-Rong?

Abstract: [Objective] To detect a novel signaling molecule of quorum sensing, diketopiperazines
(DKPs), in spoilage bacteria of aquatic products, the simple and sensitive technique of GC-MS method
was developed for the quantitative analysis. [Methods] By optimizing the conditions of gas
chromatography and mass spectrometry, media and extracting solvent, the quantitative measure of
diketopiperazines (DKPs) was established. The characteristic ions of four kinds of DKPs standards,
cyclo-(L-Pro-L-Gly), cyclo-(L-Pro-L-Leu), cyclo-(L-Leu-L-Leu) and cyclo-(L-Pro-L-Phe), was
ensured. The DKPs activity in two spoilage bacterial of aquatic product, Pseudomonas fluorescens and
Shewanella baltica, were detected. [Results] Four DKPs had good linear at range of 1-200 mg/L. The
limits of detection were 0.06, 0.10, 0.06 and 0.04 mg/L, respectively. The limits of quantification were
0.16, 0.18, 0.14 and 0.12 mg/L, respectively. The recovery of four DKPs in the medium was among
51.8%—88.5% with the RSDs of 1.4%—8.3%. The higher level of DKPs was detected with chloroform
served as extracting solvent and LB wused as medium. Two kinds of DKPs, including
cyclo-(L-Pro-L-Leu) and cyclo-(L-Pro-L-Phe), were found in P. fluorescens and S. baltica. The level of
DKPs in two spoilage bacteria increased with the bacterial growth, and arrived to the highest activity
for 12 h of culture. [Conclusion] The technique of GC-MS method developed could analyze
quantitatively the levels of four kinds DKPs in spoilage bacteria, with high precision and accuracy.

Keywords: Quorum sensing, Diketopiperazines, Gas chromatography/mass spectrometry, Spoilage
bacteria
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BEARJERN (Quorum sensing, QS)A&4H M o 43
WA YE B 15 Y (Autoinducer, Al), fER{E 541
A WU A O DO R 4 R A ) D RE AR R AC
WALE], ARG, EYIREIE . R
JEMOR R P R 4 2 40 QS
HIREILT Vibrio fischeri BRI, BHEG
QS MR FZVAE M BB T AE TS, £
FIALFE R BN 2% FC I B v A e 22 R N R 2
(N-acyl-L-homoserine lactones, AHLs), &% [GFHME
I 1Y) 32 K (Autoinducing peptides , AIP) A FH T F1[a]
S AL R T TBE A 52— R 25 1L & W (Autoinducer-2,
Al2) . i FE R, R % XML EY
(Diketopiperazines , DKPs) 8% i1F BH & — 38T i) 4 7
BEAR R 5 5 4 75, 7 M o B2 T

(Pseudomonas aeruginosa) . &y 572 JE AT B (Proteus

mirabilis), WA GFFE (Enterobacter agglomerans) .
I [CH R T & (Citrobacter freundii)®5 55 >% [GEAYE
AT I8 I3 AR REAS I 2™ 4T 434 DKPs
e 5HFE R LuxR B ASE G, T R L 40 R 1 QS
Z4PY, DKPs 57125 QS RGHIME B ALk,

T 210 A 5 9 BE PR A 3R , U AHLs ﬁfﬁﬁ ,
5 LuxR AL A, stk QsP, Gu &P %
DKPs 15 R % 0954 FUEC # (Shewanella baltica){s
T, RHEMAER.

BA5AH 2RO BN T RINE S 0F, F24A
FEAE B R I R (A %, TLC 25) A
Krll(HPLC, LC-MS, GC, GC-MS). #45 ks
WHES O, AR s wtk, etk
B, HTFEESHT, TLC BRGS0 T
WOLIFB, kR AR, BT
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GC/GC-MS I HPLC/HPLC-MS # A AHL {5
S0, ARSI . R brTee
FERT I AR H A 22 155 40 F 7 A AR TR
YERPM, B, ERERI DKPs BIBFFEAEL
Axel 2R HI HRGC/MS 4545 R i Bk Al %
B, LR M E MRS K 3 3 b oRE 08 4 W
Cyclo-(L-Leu-L-Pro) il Cyclo-(L-Pro-L-Pro), Brack
B2 GC-MS Hl LC-MS &I Bacillus pumilus
fiEf% 73 Cyclo-(L-Ala-L-Pro) . Cyclo-(L-Gly-L-Pro)
I Cyclo-(L-Val-L-Pro)% 9 fft DKPs, i Jr ik 32 %2
8T DKPs BIEPEsM T, B0H 752 SRRy i b HE
WA A HAWE AR A RS E . BT, A&
WF5ELL GC-MS RortrT6, Bk R I
W P. fluorescens F S. baltica "' DKPs {5543 F W&
PEFIE T HAR, DU A5 20 s R A0 1) i
PERLH B R0

1 MRSk
1.1 ERRFARF

P. fluorescens LP1 1 S. baltica XH2 NS4 % 71
= Kk ; DKPs fk & % Cyclo-(L-Pro-L-Gly) .
Cyclo-(L-Leu-L-Leu) Cyclo-(L-Pro-L-Leu) #l
Cyclo-(L-Pro-L-Phe)brfEfh, A T A4 T 2%
WA PR FIE R, 4ERE R 98%LL I 5 HIEE(Z AT 4l Fl
taggal), E2EREHERA R LM OE
Ai, BRI GRA R AR, LB A TSB 1
Tk, HFHAYBARGRAH,
1.2 FENSE

GC-MS {¥ 7890-5975N, FE[HLHEACRIHE A F 5
HRE A HREOHL 3-18K, 2 Sigma A H
23 il 7% AL EYELA N-1100, 2R st BRAL AT BRA 7 5
TEAKAXZHEEE, KEFETRARA; (KR
BHEA RS, b EAUER A ABRA R ; LRH
ROV A, i —fERH A PR A
1.3 ES9FRER

W H P AR AF R AT R R W AE LB BR3P
28 °C iifb)5, #EFT 50 mL LB 15375, T 28°C,

200 r/min 5577 12 h J5, 10 000xg 50> 10 min, H
SRR D A 3 R, WA HLAE, P
[ S AR A/KIE T 1 IR, TS A HLAHTE 37 °C Jig
ez kBT, MADEIEMR LAY, €52
1 mL, % 0.22 pum JEREEIES 4T GC-MS 4347,
14 @BIEEH

HP-5ms & 4 #£ (30 mx0.25 mmx0.25 nm,
Agilent), ZSEAIET(>99.999%), AR E T H
1 mL/min, JM7H 50:1, #ERETIREE N 260 °C, ik
Fei R 1 pL, FHERRFBRCE N BIGHEE 50 °C,
1445 2 min J5, LA 15 °C/min # % | T2 260 °C,
PAFF 8 min, fEHIZIREE 220 °C,
1.5 BILEH

EI JRIRLEE 230 °C, g 70 eV, B
i ] 05T 335 4 49 4 o 2k o B, B A A A S
30500 amu, FHHERN 2 s/scans, K HE T
(SIM)BEAE 7
1.6 EFREMRIATINES S FHISMW

PG 1LY P. fluorescens K1 S. baltica 53 5| #5Fh T
LB 1 TSB }5 7248, 7£ 28 °C., 200 r/min 3% 9 h,
HEDHRBUE 5T, GC-MS-SIM #&:illl DKPs
o I HIBRF AR LB K53y B &0 2,
2 CFRHRIUE 553+, 4rHT DKPs i,
1.7 4HE i DKPs B E

4 P. fluorescens F1S. baltica 7T LB K532 3%,
£ 28 °C. 200 r/min ¥i5%, %R 3 h B, &40
W ODeoo, I 7] B HURE HT 0 42 B 5 43 7,
GC-MS-SIM Fi ] DKPs {4 .
1.8 HE4E

WHEE 3 K, HERUIEAREmZERS
K Origin 8.0 #H4TACBEFIMER, HLPH 2 220047
(Analysis of variance , ANOVA)FHK L3545 4H 0] 1) 22
5, P<0.05 FRzERERE,

2 GRS5aH

2.1 GC &ik&Hiii
WM T Cyclo-(L-Pro-L-Gly).
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Cyclo-(L-Pro-L-Phe)

Cyclo-(L-Pro-L-Leu) . Cyclo-(L-Leu-L-Leu) #0

10 000 000
Cyclo-(L-Pro-L-Phe) 4 FifrifEdh GC-MS 1% 5%
8 000 000f I e gn
2 Cyclo-(L-Pro-L-Gly) . W 1 FR, RA Scan i, ikt
& 6 000 000 Cyclo-(L-Pro-L-Leu) Cyclo-(L-Leu-L-Lew)  JRFET, 13205820 B bREMR OREE
[~

4 000 000F /

2000 000

. L L PN \ O ; "
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¢ (min)

# 1 DKPs frAEsm GC-MS i

2.2 FRMERERE AN E Fi@E Ik

Bl 2 N 4 FidsdES: Cyclo-(L-Pro-L-Gly) .
Cyclo-(L-Pro-L-Leu) . Cyclo-(L-Leu-L-Leu) #l
Cyclo-(L-Pro-L-Phe)f GC-MS H1FF{5 ) EI ik &
FREBE FIEPEILER 1, 435EsE 4 Fbrim b
H0ee K T e = BE AR 25 1A T SIM 494 . =il
A SIM AREUAE DKPs A AIE ATy 2 BB R

Figure 1 The chromatogram of DKPs standards by
GC-MS NTREL [ A i PO SR G /ST
A
120 000} B 400 000;
83 111 154
154
3 100 000{- 0 350 000 o
(0]
k| 2 300 000(
2 80000} s 70
E 70 N g 250 000 "
2 60000 35 NH = 200 000]
g Z o)
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C D
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g i 500 000}
g 400 000 0] g H
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5 H £ 244
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2 47 DKPs #RfEm EI FUEE
Figure 2 The EI mass spectrum of four kinds of DKPs standards by GC-MS
#: A: Cyclo-(L-Pro-L-Gly)Fti&l; B: Cyclo-(L-Pro-L-Leu)Fii/&l; C: Cyclo-(L-Leu-L-Lew)5tiil4]; D: Cyclo-(L-Pro-L-Phe)STi &l
Note: The EI mass spectrum of cyclo-(L-Pro-L-Gly); B: The EI mass spectrum of cyclo-(L-Pro-L-Leu); C: The EI mass spectrum of
cyclo-(L-Leu-L-Leu); D: The EI mass spectrum of cyclo-(L-Pro-L-Phe).
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%=1 47 DKPs trEm SIM S5

Table 1 The SIM parameter of four kinds of DKPs standards

RHIERS T

DKPs L.
Characteristic ion

A5 B sk i)

Retention time (min)

TS )

Scanning time (min)

Cyclo-(L-Pro-L-Gly) 83, 111, 154, 70

Cyclo-(L-Pro-L-Leu) 154, 70, 86, 41
Cyclo-(L-Leu-L-Leu) 170, 86, 140, 113

Cyclo-(L-Pro-L-Phe) 125, 70, 91, 152

13.443 12.576-13.609
14.566 14.498-14.701
15.071 14.968-15.141
17.641 17.512—18.046

322 47 DKPs BYREERTIE. Z&MEHE. HEXRE. RNRME=R

Table 2 Retention time, linear range, correlation coefficients, limit of detection and limit of quantification of

four kinds of DKPs
DKPs 1R R Bsf ] LA HHRFEL A R FE R
Retention time (min) Linear range Correlation coefficients ~ LOD (mg/L) LOQ (mg/L)
Cyclo-(L-Pro-L-Gly) 13.443 ¥=0.000 20x+2.645 0 0.999 7 0.06 0.16
Cyclo-(L-Pro-L-Leu) 14.566 Y=0.000 05x+2.645 5 0.999 5 0.10 0.18
Cyclo-(L-Leu-L-Leu) 15.071 ¥=0.000 10x—119.660 0 0.998 8 0.06 0.14
Cyclo-(L-Pro-L-Phe) 17.641 ¥=0.000 08x—78.287 0 0.999 1 0.04 0.12

23 [EY)EAFTE

4 FhFRAES A GC-MS-SIM #7307 5152
PR B AN R 2 iR . 28 GC-MS-SIM A5
107 FERY A OC R 5L R YK T 0.998, ML
J£H GC-MS £ SIM & 2 55 15 21 5K A Rl PR A
IR, HAPKEMRN 0.04-0.10 mgL, EERA
0.12—-0.18 mg/L,
24 HEWMEFRBEE

K H GC-MS-SIM 4347 4 F DKPs {5 543 1 2.5
50 F1 150 mg/L IR A PRI AVKE 2 B . 1A BE A
B3, Nk 3. 4 F1 5 fis. A3 H PR SE
3.2%9.1%, HERGIE 96.4%—107.8%, H APk N
2.2%10.2%, HEWIE ] 97.1%—105.6%. Mt
2.5, 50, 150 mg/L W, SEXENECR S 518
51.8%71.2%. 66.2%88.5%F1 64.1%—84.9%, ¥%
HE 2 2 W 2.7%5.4% . 1.4%7.2% F
1.7%-8.3%. %7 1L REN /2 L PR EK
2.5 IEFEEN DKPs A RIS

3 6 fr7s, P. fluorescens 1F LB il TSB 5%
oh #OE W W A DKPs ffF 5 4 T

Cyclo~(L-Pro-L-Leu) fil Cyclo-(L-Pro-L-Phe), H:H
LB & &4 4.43 mg/L #13.91 mg/L, TSB &
4 3.95 mg/L 1 2.73 mg/L., S. baltica TEWRNG 5L
H A AR F 1S 53T, LB "h ik 5.43 mg/L
F14.18 mg/L, TSB & # N 4.8 mg/L Fl 1.12 mg/L,
RIS, A HE R 25 30 28 O IR, A2 SRRk )
R PR, BN ER . 251K, P. fluorescens
F1 S. baltica 1F LB B FERrh /0 h 09 DKPs & i i &
= T TSB 15 5£(P<0.05) , H:H Cyclo-(L-Pro-L-Phe)
S SRR AL SRS Ortori 26 M E BRI
MBI AE LB 553536 b i AHL (550> TR S
EET ARIEEFRIL(CDM),
2.6 ZFEEUATIF DKPs 12EAIS 0T

HE— 25 PE B B UV R (R R SR 2 TR ) X
DKPs Ji PRI, W 7 fin. S0 ER
A BT ) G 2 e A B R R W h DKPs % i
(P<0.05), FENHERNFHEBEFRIE, P. fluorescens Fll
S. baltica . DKPs % 25314 8.34 mg/L #19.61 mg/L,
I LR CBEREUS , PIRP IR P B DKPs 25 4331
}7.01 mg/L F19.12 mg/L, 43 Hs/0 16.8%F1 5.8%.
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®3 FENBRBEENERE FUL ST S AT 5 T AR IBOA R AR Y
Table 3 Intra-day precision and accuracy of assay L 2
method determined in spiked bacterial extract DKPs 15 TEH
— r— 2.7 GC-MS 4 P. fluorescens %0 S. baltica HY
DKPs Precision (RSD%) Accuracy (%) DKPs
L M H L M H A P. fluorescens LP1 F1 S. baltica XH2 4y

Cyclo-(L-Pro-L-Gly) 32 58 7.9 971 994 986 S DR 8 R 222 B R R 3 B 8 T R T T
Cyclo-(L-Pro-L-Leu) 7.3 54 48 1064 964 1023 B, B, EOE s rde s 0 i
Cyclo-(L-Leu-L-Leu) 5.6 82 43 1046 97.7 983 3 i , FIH R4k H"J%{#J&ﬁi‘%%ﬁ*ﬁ , P
Cyclo-(L-Pro-L-Leu) A 14.574 min

Note: L: 2.5 mg/L; M: 50 mg/L; H: 150 mg/L.

F4 FERBEBEEZEEFERE Cyclo-(L-Pro-L-Phe)>}y 17.663 min, P. fluorescens It

T R I 075 DKPs U 443 gl B 391 m.

— r— S. baltica 7= FiFh DKPs S 43I 5.43 mg/L

DKPs Precision (RSD%) Accuracy (%) M 4.18 mg/L, /E\:E[:l CycIo-(L-Pro-L-Leu)ﬁﬁE% R
LM H LM H e TR IR DKPs MR,

Cyclo-(L-Pro-L-Gly) 6.5 7.6 5.6 102.7 98.6 99.2 P.ﬂuorescensﬂ]S. baltica £ LB i%%%q:'ﬁi{(]ﬂﬁ,

Cyclo-(L-Pro-L-Leu) 2.2 3.1 55 1042 97.9 103.8 15h ii?ﬁﬁ%\%,ﬂ;ﬁo B2 2 T 1 A , i%%%%l:?%@
Cyclo-(L-Leu-L-Leu) 4.8 6.7 9.6 984 99.1 100.4 H) DKPs A8, 7E 40805 101 12 h it DKPs
Cyclo-(L-Pro-L-Ph 42 102 3.6 97.1 1013 105.6 . .

o A LS, Jh1i5%) 8.34 me/L F19.61 mg/L, 2
JEEL T RE, Horfr 18 h RREZ 20%, 18 h J5 &
Table 5 Recovery rate of assay method determined in B, Gu BRI S, baltica HEW477E 4 Fl DKPs

spiked bacterial extract
[Cyclo-(L-Pro-L-Gly) .  Cyclo-(L-Pro-L-Leu) .
mives
ST Recovery rate (SD%) Cyclo-(L-Leu-L-Leu)fll Cyclo-(L-Pro-L-Phe)]|Z 5 &
L M H WV o 2L E LT 4O L B TR P. fluorescens FEIRIK
Cyclo-(L-Pro-L-Gly) 657454 67.4+72 77.248.3 [ A5 5 3 ¥ (N-3-0x0-Cs-HSL) 5 J§ WA 1 PN 78 5%
Cyclo-(L-Pro-L-Lew) 712427 662+1.4 84.9+1.7 Ho #RIM, DKPs 75 W AR Z 40 H 1 JE 4

Cyclo-(L-Leu-L-Leu) 683442 88.5:1.8 74.3%5.2 ML S AE TR N I ACHE R AR B, ARt —
Cyclo-(L-Pro-L-Phe) 51.8£3.5 71.3£6.5 64.1+4.9 AT

RS FEREYEER

% 6 LB #1 TSB 1555 &3} P. fluorescens F1 S. baltica F DKPs ;&£

Table 6 Effects of LB and TSB medium on content of DKPs from P. fluorescens and S. baltica

LB (mg/L) TSB (mg/L)
DKPs
P. fluorescens S. baltica P. fluorescens S. baltica
Cyclo-(L-Pro-L-Leu) 4.43+0.19" 5.43+0.23" 3.95+0.21° 4.810.26"
Cyclo-(L-Pro-L-Phe) 3.91+0.17° 4.18 £0.25° 2.73+0.15° 1.120.08¢

e A TN E R FOR 25 57 1835 (P<0.05).

Note: Different letters within the same line mean significant difference (P<0.05).
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=71 SAFCER CEEFEEXT P. fluorescens FA S. baltica F DKPs ;&£

Table 7 Effects of chloroform and ethyl acetate extraction on content of DKPs from P. fluorescens and S. baltica

DKPs A} Chloroform (mg/L) ZFR TG Ethyl acetate (mg/L)
P. fluorescens S. baltica P. fluorescens S. baltica
Cyclo-(L-Pro-L-Leu) 4.43+0.19° 5.43+0.23" 3.37+0.23° 5.45+0.16"
Cyclo-(L-Pro-L-Phe) 3.91+0.17° 4.18 £0.25 3.64+0.15° 3.67£0.21°

I g TR AR R 22 5 B3 (P<0.05).

Note: Different letters within the same line mean significant difference (P<0.05).

510
A 8000 0001 B 15k
(0] —a— ODggo % Eii,_,ﬁ
|:| DKPs 1® g
6 000 000+ H Jr — 2
0 o £
0 or 46 §
2 g El
S 4000 000F H 8 g
172} Q
kS 0 14 £
0.5F ,é
2 000 000t |, &
0 | L L w 0.0 1 1 1 1 1 1 1 1 0
10 12 14 16 18 20 22 24 0 3 6 9 12 15 18 21 24
¢ (min) t(h)
c D . 112
10 000 000} o O 0D /E\E ; -
—
8 000 000 o i g + 19 =
L Jr g
g g
2.6000 0001 NH o s g
o Q R =
[~ 3 08F 3
4000 000F 0 \ g
4l 13
2000 000 }w 0 %
0 1 I ! ! I | ) 0.0 1 1 1 1 1 0
10 12 14 16 18 20 22 24 12 15 18 21 24
¢ (min) t(h)

3 P.fluorescens FA S. baltica £ 2k &% DKPs S 2Tk
Figure 3 Changs in growth curve and DKPs content of P. fluorescens and S. baltica
TE: A: P.fluorescens P~ 1) DKPs GC-MS %4 ; B: P. fluorescens =K M1k S DKPs &85 C: S. baltica 724 1) DKPs GC-MS 7,
PR D: 8. baltica A MIZR K DKPs 7 it

Note: A: Chromatogram of DKPs produced from P. fluorescens; B: Growth curve and DKPs content of P. fluorescens; C: Chromatogram of
DKPs produced from S. baltica; D: Growth curve and DKPs content of S. baltica.
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AMST ST Y GC-MS-SIM = DKPs /7
EENEBRE . REUY . MEWESODEE, TR

KIRH LB 355775 K 4 B ) sl O AGr D 20 o v 1)
DKPs REEH . 27 LN T P. fluorescens Fl
S. baltica WIFPJEMEAS 5731500, KIAR™ A=
Cyclo-(L-Pro-L-Leu) il Cyclo-(L-Pro-L-Phe) P #f

DKPs, &

AR R E R AR e o Rk, AT5

TEREWSIE HI T A I 40 14 19 DKPs (55701, b
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